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(54) AMPLIFIER AND SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide the amplifier in which an offset 
voltage and a temperature drift are cancelled. 
SOLUTION: An amplifier 1 is provided with 1st and 2nd operational 
amplifier circuits 2, 3. The 1st operational amplifier circuit 2 configures a 
voltage follower circuit where its output terminal connects to an inverting, 
input terminal, and the output terminal is connected to an inverting input 
terminal of the 2nd operational amplifier circuit 3. The circuit configuration 
and the circuit components of the 1st and 2nd operational amplifier circuits 
2, 3 are identical to each other, and then they have the same characteristic '■; 
and the same offset voltage. Then the output terminal of the 1st operational 
amplifier circuit 2 is connected to the inverting input terminal of the 2nd 
operational amplifier circuit 3 to allow the offset voltages of the 1st and 2nd 
operational amplifier circuits 2, 3 to be cancelled with each other and then 
the offset voltage of the amplifier 1 is cancelled. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amplifier, such as an operational amplifier which is one of the 
most important circuits, in the field of an analog circuit. 

[0002] As for the electronic circuitry in recent years, high-degree-of-accuracy-ization is demanded. In order to 
attain high-degree-of-accuracy-ization of circuit actuation, amplifier, such as an ideal operational amplifier 
without offset voltage etc., is demanded. 
[0003] 

[Description of the Prior Art] Drawing 13 shows the conventional operational amplifier (operational amplifier) 
50. An operational amplifier 50 constitutes the voltage follower by which the output terminal was connected to 
the inversed input terminal (- side input terminal), and operates as a buffer to the signal In inputted into a 
non-inversed input terminal (+ side input terminal). 

[0004] In an operational amplifier 50, dispersion arises in the property of the transistor which constitutes the 
operational amplifier 50 by dispersion in a process etc. Therefore, the offset voltage of the output signal 
resulting from dispersion in the property of a transistor is not avoided. 

[0005] Therefore, to the operational amplifier 50, the equalization circuits 51, such as external resistance, 
were connected to the chip exterior, and offset is canceled by the equalization circuit 51. Moreover, an 
equalization circuit is formed on the semiconductor chip, and there are some which cancel offset voltage with 
trimming etc. and are shipped in an operational amplifier. 
[0006] 

[Problem(s) to be Solved by the Invention] However, since it is only adjusting so that offset voltage may 
serve as zero mostly in the desired neighborhood of a point as shown in drawing 11 (b) to the offset voltage 
shown in drawing 11 (a), the equalization circuit 51 shown in drawing 10 cannot cancel offset to the whole 
operating range. 

[0007] Moreover, adding an equalization circuit 51 outside needs to be adjusted, when an operational 
amplifier 50 is IC-ized, and it is troublesome. Moreover, if an equalization circuit is connected outside or the 
pattern for trimming is created on IC, the circuit magnitude of the whole electronic circuitry will increase and it 
will become cost high. 

[0008] It is made in order that this invention may solve the above-mentioned trouble, and the object is in 
offering semiconductor integrated circuit equipment equipped with the amplifier which can cancel offset 
voltage and a temperature drift, and its amplifier. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned object, invention according to claim 1 
makes it a summary to have had the 1st amplifier to which was equipped with the inversed input terminal and 
the non-inversed input terminal, and the output terminal and the inversed input terminal were connected, and 
the 2nd amplifier as which said the 1st amplifier, circuitry, and circuit element were identically formed, and 
the signal from the output terminal of said 1st amplifier was inputted into the inversed input terminal. 
[0010] Moreover, in amplifier according to claim 1, invention according to claim 2 connects the output 
terminal of said 2nd amplifier to the non-inversed input terminal of said 1st amplifier, and makes it a 
summary to have constituted the non-inversed amplifier by the 1st and 2nd amplifier. 
[0011] Moreover, invention according to claim 3 makes it a summary to have adjoined and formed said 1st 
and 2nd amplifier on the same chip in an amplifier according to claim 1 or 2. 

[0012] Furthermore, it connects with the input terminal of amplifier according to claim 1 to 3 and said 
amplifier, and invention according to claim 4 makes it a summary to have had the internal circuitry which 
outputs a signal to this amplifier. 

[0013] (Operation) Therefore, according to invention according to claim 1, since circuitry and a circuit element 
are formed identically, the 1st amplifier and 2nd amplifier serve as the same property, and they serve as the 
same offset voltage. And by connecting the output terminal of the 1st amplifier to the inversed input terminal 
of the 2nd amplifier, the 1st and 2nd offset voltage negates each other, and the offset voltage of amplifier is 



canceled. 

[0014] Moreover, according to invention according to claim 2, the output terminal of the 2nd amplifier is 

connected to the non-inversed input terminal of the 1st amplifier, a non-inversed amplifier is constituted by 

the lsf and 2nd amplifier, and the offset voltage of the 1st and 2nd amplifier is canceled. 

[0015] Moreover, according to invention according to claim 3, the 1st and 2nd amplifier is adjoined and 

formed on the same chip, serves as the same property, and serves as the same offset voltage. The offset 

voltage of both amplifiers cancels mutually and the offset voltage of amplifier is canceled. 

[0016] Moreover, according to invention according to claim 4, it connects with the input terminal of amplifier 

according to claim 1 to 3 and said amplifier, and has the internal circuitry which outputs a signal to this 

amplifier, and the output signal of an internal circuitry is outputted with a sufficient precision through 

amplifier. 

[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of the 1 operation which materialized this invention is 
explained according to drawing 1 - drawing 12 . As shown in drawing 1 , the 1st and 2nd operational amplifier 
circuit 2 and 3 is established in amplifier 1. Moreover, the external non-inversed input terminal 4, the external 
inversed input terminal 5, and the external output terminal 6 are formed, and, as for amplifier 1, signals INI 
and IN2 are inputted from both the input terminals 4 and 5. 

[0018] The 1st and 2nd operational amplifier circuit 2 and 3 is equipped with a non-inversed input terminal (+ 
side input terminal), an inversed input terminal (- side input terminal), and an output terminal, respectively. 
The series connection of the 1st and 2nd operational amplifier circuit 2 and 3 is carried out. 
[0019] That is, the output terminal of the 1st operational amplifier circuit 2 is connected to the non-inversed 
input terminal of the 2nd operational amplifier circuit 3. Moreover, an output terminal is connected to an 
inversed input terminal, an output signal returns to an inversed input terminal in actual size, and the 1st 
operational amplifier circuit 2 constitutes the electrical-potential-difference follower circuit (voltage follower 
circuit). The non-inversed input terminal of the 1st operational amplifier circuit 2 is connected to the external 
inversed input terminal 5, and a signal INI is inputted into the 1st operational amplifier circuit 2. A non- 
inversed input terminal is connected to the external non-inversed input terminal 4, and, as for the 2nd 
operational amplifier circuit 3, the output terminal is connected to the external output terminal 6. 
[0020] Both the operational amplifier circuits 2 and 3 serve as the same circuitry. For example, as shown in 
drawing 3 , both the operational amplifier circuits 2 and 3 consist of a bias voltage generation circuit 11, an 
input circuit 12, and an output circuit 13, respectively. 

[0021] For the bias voltage generation circuit 11, the gate and the drain of the N-channel metal oxide 
semiconductor transistor Trl are resistance Rl. It minds, and connects with a power source Vcc, and the 
source of this transistor Trl is connected to Gland GND. Therefore, resistance Rl Bias voltage VB which serves 
as a constant voltage based on the ratio of the resistance of the on resistance of a transistor Trl It is 
outputted to an input circuit 12 and an output circuit 13. 

[0022] The input circuit 12 is constituted by P channel MOS transistors Tr2 and Tr3 and the N-channel metal 
oxide semiconductor transistors Tr4-Tr6. The source of P channel MOS transistors Tr2 and Tr3 is connected to 
a power source Vcc. The drain of a transistor Trl is connected to the gate of transistors Tr2 and Tr3, and the 
drain of the N-channel metal oxide semiconductor transistor Tr4. Moreover, the drain of a transistor Tr3 is 
connected to the drain of the N-channel metal oxide semiconductor transistor Tr5. A signal is outputted to an 
output circuit 13 from the drain of transistors Tr3 and Tr5. 

[0023] The gate of transistors Tr4 and Tr5 serves as a non-inversed input terminal and an inversed input 
terminal, respectively, and a signal is inputted. The node between the sources of transistors Tr4 and Tr5 is a 
transistor Trs6. It minds and connects with Gland GND. Bias voltage VB outputted to the gate of a transistor 
Tr6 from the bias voltage generation circuit 2 It is inputted and a transistor Tr6 operates as a current source. 
[0024] The output circuit 13 consists of P channel MOS transistor Tr7 and an N-channel metal oxide 
semiconductor transistor Tr8. The source of P channel MOS transistor Tr7 is connected to the bottom Vcc of 
**, and the drain is connected to Gland GND through the transistor Tr8. A signal is inputted into the gate of a 
transistor Tr7 from an input circuit 12. Bias voltage VB outputted to the gate of a transistor Tr8 from the bias 
voltage generation circuit 11 It is inputted and a transistor Tr8 operates as a current source. And the output 
signal of the operational amplifier circuits 2 and 3 is outputted from the drain of transistors Tr7 and Tr8. 
[0025] An operation of the amplifier 1 constituted as mentioned above is explained. In addition, in order to 
give explanation intelligible, in the interior of amplifier 1, the output terminal of the 2nd operational amplifier 
circuit 3 is connected to the inversed input terminal of the 1st operational amplifier circuit 2 so that it may be 
shown in the amplifier 1 it is 1 time whose amplification factor of this, i.e., drawing 5 . And the electrical- 
potential-difference follower circuit which returned all the output signals of the 2nd operational amplifier circuit 
3 to the 1st operational amplifier circuit 2 is explained. 

[0026] The amplifier 1 constituted as mentioned above is formed on the semiconductor chip 7, as shown in 
drawing 8 . On the chip 7, the 1st and 2nd operational amplifier circuit 2 and 3 which constitutes amplifier 1 is 
adjoined and formed. Both the operational amplifier circuits 2 and 3 are circuits of the same configuration, as 
described above, and the circuit element which constitutes a circuit is formed in the same configuration 



(area). 

[0027] Therefore, electrical characteristics become the same and both the operational amplifier circuits 2 and 
3 become said [ the same ] of the dispersion. Therefore, the offset voltage produced in both the operational 
amplifier circuits 2 and 3 becomes the same. Therefore, both the operational amplifier circuits 2 and 3 serve 
as the circuit and equivalence with which the power source VI which outputs offset voltage deltaV was 
connected to the output terminal or the inversed input terminal to the ideal operational amplifier circuit (offset 
voltage is a zero bolt (0V)) OP, as shown in drawing 7 (a) and (b). 

[0028] When offset voltage deltaV is a forward electrical potential difference, as this power source VI is 
shown in drawing 7 (a), a minus side edge child is connected to the output terminal of the ideal operational 
amplifier circuit OP. And pressure up of the output signal of an operational amplifier circuit is carried out by 
the power source VI, and it is outputted as an output signal only for offset voltage delta V minutes. 
[0029] Moreover, as a power source VI is shown in drawing 7 (b), a minus side edge child is connected to the 
inversed input terminal of the ideal operational amplifier circuit OP, and a plus side edge child is connected to 
the output terminal of an operational amplifier circuit. And the pressure of the output signal of an operational 
amplifier circuit is lowered by the power source VI only for offset voltage delta V minutes, and it returns to an 
inversed input terminal according to it. 

[0030] In addition, drawing 7 (a) and (b) show the equal circuit in case offset voltage deltaV is forward. 
Therefore, when offset voltage deltaV is negative, connection of the power source VI which outputs offset 
voltage deltaV serves as reverse. And the output signal of an operational amplifier circuit is lowered [ the 
pressure of it ] and outputted by the power source VI in drawing 7 (a) only for offset voltage delta V minutes. 
Moreover, in drawing 7 (b), pressure up of the output signal of an operational amplifier circuit is carried out by 
the power source VI, and it returns to an inversed input terminal according to it only for offset voltage delta V 
minutes. 

[0031] Therefore, the amplifier 1 shown in drawing 5 serves as the circuit and equivalence which connected to 
the serial the ideal operational amplifier circuit OP (refer to drawing 7 (a)) where the power source VI was 
connected to the output terminal, and the ideal operational amplifier circuit OP (refer to drawing 7 (b)) where 
the power source VI was connected to the inversed input terminal, as shown in drawing 6 . 
[0032] Then, after pressure up of the output signal of the ideal operational amplifier circuit OP which 
constitutes the 1st operational amplifier circuit 2 is carried out by the power source VI only for offset voltage 
delta V minutes, it is inputted into the inversed input terminal of the ideal operational amplifier circuit OP 
which the pressure of is lowered by the power source VI only for offset voltage delta V minutes, and 
constitutes the 2nd operational amplifier circuit 3 according to it. That is, as shown in drawing 6 , the output 
signal of the operational amplifier circuits 2 and 3 is superimposed on forward offset voltage deltaV and 
negative offset voltage deltaV by both the power sources VI, and is inputted into the inversed input terminal 
of an operational amplifier circuit. And since it is the same and offset voltage deltaV negates offset voltage 
deltaV of both the operational amplifier circuits 2 and 3 mutually, as shown in drawing 4 , the offset voltage of 
an amplifier 1 serves as a zero bolt (0V). 

[0033] Generally, if it is going to create an operational amplifier with small offset voltage, the transistor which 
constitutes the operational amplifier will become large, and a chip area will increase. Generally, if an 
operational amplifier is created in twice as many magnitude as this, offset voltage will serve as the root 1 
(l/root2)/2. Therefore, if it is going to make most offset voltage into zero (0), the chip area of an operational 
amplifier will become huge. And a temperature drift etc. is not avoided although offset voltage is set to about 
0. 

[0034] However, with this operation gestalt, although area doubles, offset voltage is set to about 0. Moreover, 
since both the operational amplifier circuits 2 and 3 are formed on the same chip, they become the same 
[ temperature ]. Therefore, since it generates similarly [ in both the operational amplifier circuits 2 and 3 ], a 
temperature drift is canceled like the above-mentioned offset voltage. Therefore, according to the amplifier 1 
of this operation gestalt, while offset voltage and a temperature drift are cancellable, buildup of a chip area 
can be suppressed and a cost rise can be suppressed. 

[0035] In addition, in the above-mentioned operation gestalt, in the amplifier 1 shown in drawing 1 , even if it 
connects the external output terminal 6 and the external inversed input terminal 5 and constitutes an 
electrical-potential-difference follower circuit, the same effectiveness can be acquired. That is, the amplifier 1 
of drawing 1 is transposed to the equal circuit of drawing 2 according to the equal circuit of both the 
operational amplifier circuits 2 and 3 shown in drawing 7 (a) and (b). And offset voltage deltaV is mutually 
canceled by the power source VI of both the operational amplifier circuits 2 and 3, and offset and temperature 
drift of amplifier 1 are canceled. 

[0036] Furthermore, an amplification factor may be given to amplifier 1 in the above-mentioned operation 
gestalt. That is, as shown in drawing 9 , while connecting resistance R2 between the external output terminal 
6 of amplifier 1, and the external inversed input terminal 5, the external inversed input terminal 5 is 
connected to Gland GND through resistance R3, and a non-inversed amplifier 1 is constituted. And if the ratio 
of resistance R2 and R3 is set up suitably, for example, is set as resistance R2=2Kohm and resistance 
R3=lKohm, amplifier 1 is as in phase as an input signal, and can acquire a 3 times as many output signal as 



this. Moreover, resistance R2 and R3 is made into variable resistance, and it enables it to adjust an 
amplification factor. Also in this case, there is no need of connecting the equalization circuit for adjusting 
offset voltage since the offset voltage of an amplifier 1 is a zero bolt, and since what is necessary is just to 
add th^ resistance for setting up an amplification factor, the amplifier 1 which has an amplification factor with 
an easy configuration can be obtained. 

[0037] Moreover, the amplifier 1 constituted as mentioned above is applicable to various circuits, such as 
semiconductor integrated circuit equipment equipped with the internal circuitry outputted to the amplifier 1. 
For example, the above-mentioned amplifier 1 is used for a low pass filter 21 as shown in drawing 10 . A low 
pass filter 21 consists of an amplifier 1 and an internal circuitry 22 which consists of resistance R4-R6 and 
capacitors CI and C2. The external non-inversed input terminal 4 of amplifier 1 is connected to Gland GND, 
and a signal is inputted into the external inversed input terminal 5 through resistance R4 and R5. Moreover, 
the output signal of amplifier 1 returns to the external inversed input terminal 5 through a capacitor CI. 
Between resistance R4 and R5, while connecting with Gland GND through a capacitor C2, the output signal of 
amplifier 1 returns through resistance R6. And a low pass filter 21 passes only a predetermined low frequency 
band among signals, and is outputted as a signal. In this case, since the offset voltage in amplifier 1 is 
canceled, the signal of a low frequency band is outputted with a sufficient precision. 

[0038] Moreover, the above-mentioned amplifier 1 is used for D/A converter 23 as shown in drawing 7 . D/A 
converter 23 consists of an amplifier 1, and resistance R11-R18, switches SW1-SW4 and the internal circuitry 
24 that consists of a reference supply V2. The external output terminal 6 is connected to the external inversed 
input terminal 5, and amplifier 1 constitutes an electrical-potential-difference follower circuit. It connects with 
the external non-inversed input terminal 4 of amplifier 1 in Gland GND through the resistance R11-R13 of the 
same resistance by which the series connection was carried out, and the resistance R18 twice the resistance 
of those resistance. Between each resistance R11-R13 and R18 and between resistance Rll and amplifier 1, 
the end of the resistance R14-R17 of the same resistance as said resistance R18 is connected, respectively, 
and the other end of each resistance R14-R17 is connected to switches SW1-SW4. As for switches SW1-SW4, 
the change terminal is connected to Gland GND and the reference supply V2. And D/A converter 23 pressures 
partially the electrical potential difference of the reference supply V2 supplied through the switches SW1-SW4 
turned on and off according to the digital signal inputted by resistance R11-R18, and outputs the partial 
pressure electrical potential difference as an analog signal through amplifier 1. In this case, since the offset 
voltage in amplifier 1 is canceled, a partial pressure electrical potential difference is outputted with a sufficient 
precision as an analog signal. 

[0039] Furthermore, the above-mentioned amplifier 1 is used for the A/D converter shown in drawing 8 (a) 
and (b) again. As shown in drawing 8 (a), an A/D converter consists of two or more amplifier 1, and 
resistance R21-R24, flip-flop circuit (FF)26-28 and the internal circuitry that consists of logical circuits 29 and 
30. The series connection of the resistance R21-R24 is carried out between the high potential side reference 
supply VRH and the low voltage side reference supply VRL. Between each resistance R21 - R24, it connects 
with the external inversed input terminal 5 (refer to drawing 12 (b)) of each amplifier 1, and an analog signal 
AIN is inputted into the external non-inversed input terminal 4 of each amplifier 1. Therefore, amplifier 1 
operates as a comparator which compares the partial pressure electrical potential difference of the partial 
pressure circuit which consists of two or more resistance R21-R24 connected between the analog signal AIN, 
and the high potential side reference supply VRH and the low voltage side reference supply VRL, respectively. 
And based on the comparison result of each amplifier 1, a digital signal is outputted through FFs 26-28 and 
logical circuits 29 and 30. In this case, since the offset voltage in each comparator (each amplifier 1) is 
canceled, an analog signal AIN is compared with a partial pressure electrical potential difference with a 
sufficient precision, and an accurate digital signal is outputted. 

[0040] According to the gestalt of this operation, the following effectiveness is done so as described above. 
(1) Amplifier 1 is equipped with the 1st and 2nd operational amplifier circuit 2 and 3. The output terminal is 
connected to the inversed input terminal of the 2nd operational amplifier circuit 3 while the 1st operational 
amplifier circuit 2 constitutes the electrical-potential-difference follower circuit where the output terminal was 
connected to the inversed input terminal. Circuitry and a circuit element are formed identically, and serve as 
the same property, and the 1st and 2nd operational amplifier circuit 2 and 3 serves as the same offset 
voltage. Consequently, in order that the offset voltage of the 1st and 2nd operational amplifier circuit 2 and 3 
may negate each other by connecting the output terminal of the 1st operational amplifier circuit 2 to the 
inversed input terminal of the 2nd operational amplifier circuit 3, the offset voltage of amplifier 1 is canceled. 
[0041] In addition, this invention may be carried out in the following modes besides the gestalt of said 
operation. In the above-mentioned operation gestalt, although the CMOS circuit constituted the 1st and 2nd 
operational amplifier circuit 2 and 3, it may change into circuitry, such as a bipolar integrated circuit and Bi- 
CMOS circuit, suitably, and you may carry out to it. 

[0042] The above-mentioned amplifier 1 is used for the above-mentioned amplifier 1 in addition to an 
eiectrical-potential-difference follower circuit (buffer) and a non-inversed amplifier, and computing elements, 
such as amplifiers, such as an inversed amplifier and differential amplifier, and an adder circuit, an integrator, 
etc. are constituted. Also in this case, since the offset voltage of amplifier is canceled, accurate amplifier, a 



computing element, etc. can be constituted. 
[0043] 

[Effect of the Invention] As explained in full detail above, according to invention according to claim 1 to 3, the 
amplifier which can cancel offset voltage and a temperature drift can be offered. 
[0044] Moreover, according to invention according to claim 4, it can have the amplifier with which offset 
voltage was canceled, and the semiconductor integrated circuit equipment which can output the output signal 
of an internal circuitry with a sufficient precision can be offered. 



[Translation done.] 



